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A B S T R A C T
Wishard, Lisa N., M. A., 1977 Zoology
Larval Growth in Rana pretiosa: Ecological and Genetic
Factors (80 pp.)
Directors: Andrew L. Sheldon ^ 3 ^
Fred W. Allendorf
Larval growth rates of Rana pretiosa were found to vary 
among natural populations in Western Montana. Growth and 
developmental rates in tadpoles from four populations from 
distinctly different habitats were recorded and compared. 
Tadpoles from two of the populations were grown under 
controlled conditions in the field to assess the extent 
of the genetic component of growth rates. Growth patterns 
were distinct. Each population appears to have evolved a 
range of metamorphic sizes. The exact size at metamorphosis 
within that range varies with environmental conditions.
Genetic similarities between seven populations (including 
the four populations studied for growth patterns) were 
determined with electrophoresis. Twenty four loci were 
examined; polymorphisms occur at the PGM, LDH-1, IDH-2, 
and EST loci. Average heterozygosities are low; however, 
a substantial amount of variation exists between populations. 
Populations geographically close tend to be genetically 
similar independent of local environmental conditions, thus 
supporting a model of selective neutrality for the electro­
phoretic variants.
The data suggest that larval growth in Rana pretiosa is 
under strong selective pressure, while the structural proteins 
observed with electrophoresis appear to be evolving in a 
quasi-neutral manner- Relationship of the data to current 
theories of genome evolution are discussed.
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CHAPTER I 
INTRODUCTION
The integration of population genetics and ecology 
has barely begun, although an increasing number of biolo­
gists are adopting an evolutionary approach. Historically, 
ecologists concerned themselves with the causal mechanisms 
of a specific adaptation or phenomenon with little regard 
for the underlying genetics. A geneticist's approach was 
to search for patterns of genetic variation and only 
secondarily look for the corresponding ecological signifi­
cance . The existence of these two approaches was not 
surprising. The ecology of an organism reflects the 
composition and interactions of the entire genome, and 
rarely could aspects of the ecology be correlated with 
well-defined genetic markers. As a result, organisms well- 
known by one discipline were practically unknown to the 
other (Ehrlich et al., 1975)-
In the last two decades, the development of 
electrophoresis and histochemical staining techniques by 
geneticists (Hunter and Markert, 1957 : Lewontin and Hubby, 
1966; Harris, I966) has proven very useful to ecologists;
\
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as a result, the two fields have been brought much closer. 
Electrophoresis provides a relatively simple method of 
directly visualizing gene products and of obtaining allelic 
frequencies for a large number of proteins. Genetic 
variability among individuals, populations, species, and 
higher taxa can be assessed from these data. Ecologists 
have taken electrophorectic data and applied them to 
questions concerning population structure of natural 
populations, relationships and gene flow between popula­
tions, genetic contributions of specific members of a 
population, and the association of particular protein 
types with environmental conditions.
A large body of electrophoretic data on protein 
polymorphisms has been accumulated to date showing that 
approximately 30^ of all electrophoretically discernable 
structural gene loci are polymorphic in natural popula­
tions of most organisms (Ayala, 19?6). However, the 
question of the actual evolutionary meaning of this 
variation has become one of intense interest and 
controversy■
The so-called "selectionist" group (Lewontin,
1974) contends that the electrophoretic variants have a 
definite effect on the fitness of the organism, i.e. the 
allelic variants characterized by specific electrophoretic 
mobilities have measurable selective values- Furthermore, 
they believe the majority of polymorphisms are the
\
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consequence of some type of balancing selection* These 
researchers have found that a particular allele will vary 
consistently with change in some environmental component 
so that environmentally distant populations will also be 
genetically distant (Schopf and Gooch, 1971 ; Koehn and 
Rasmussen, I967; Johnson et al., I969; Johnson, 1971(
Kojima et al-, 1972; Merrit, 1972 ; Rockwood-Sluss et al*, 
1973; Johnson and Schaffer, 1973 : Tomaszewski et al*,
1973; McKechnie, Ehrlich, and White, 1975)• Correlations 
may exist with discrete qualitative variables (e.g., 
vegetation) or be clinal in that allelic frequencies follow 
more or less regular trends corresponding with an environ­
mental variable (e.g., temperature) or topographic feature 
(e.g., altitude, depth, distance along a river system).
On the other hand, the group designated as the 
"neutralists" (Lewontin, 1974) believes that allelic 
variation as characterized by electrophoresis is effec­
tively neutral with respect to the organism's fitness*
They attribute most of the observed variation to historical 
processes of mutation, drift, and migration, such that the 
rate of divergence between isolated populations is strictly 
a function of divergence time and population size (Kimura, 
1968 ; Kimura and Ohta, 1974; Maxson and Wilson, 1971).
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These arguments center on the question of how 
selection operates upon the genome. Components of the 
genome may he under entirely different regimes, so that 
parts of the genome may evolve at different rates.
Measures of divergence between organisms may show these 
differing rates, as each measure likely reflects only a 
portion of the genome. For example, inconsistencies 
between genetic similarities measured by electrophoresis 
and organismal similarities (generally reproductive 
incompatibilities and morphological evolution without 
concurrent structural protein divergence) are known in a 
wide variety of taxonomic groups. The list includes 
bacteria (Stanier, Wacter, Casser, and Wilson, 1974), 
snails (Gould, Woodruff, and Martin, 1974), fish (Turner, 
1974; Avise, Smith, and Ayala, 1975)1 frogs (Maxson and 
Wilson, 197^1 1975)» reptiles (Mao and Dessauer, 1971)» 
birds (Nolan, Brush, Arnheim, and Wilson, 1975)» ard 
primates (King and Wilson, 1975)•
One possible explanation for these inconsistencies 
between genetic and organismal similarities is that 
differences in morphology and life history patterns are 
based on structural loci not detectable by electro­
phoresis . It is often assumed that electrophoretically 
sampled loci are representative of the entire genome.
This assumption may not be met as the majority of stainable 
proteins are enzymes involved in well-defined metabolic
S.
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processes. Conspicuous morphological changes and 
reproductive isolation could involve only a small propor­
tion of the genome (Avise, 1976) which could he easily 
missed in the small fraction of the genome that can he 
sampled electrophoretically.
Alternatively, a recent theory advanced hy A. C . 
Wilson and colleagues (Wilson, Sarich, and Maxson, 1974; 
King and Wilson, 1975» Wilson, 1975) suggests that evolu­
tion is proceeding on two levels. The major part of 
adaptive evolution at the organismal level depends pre­
dominantly on mutations occurring at regulatory genes.
These mutations effect the expression of genes coding for 
certain proteins without affecting the structure of the 
protein. The second level of evolution occurs on 
structural genes actually coding for the proteins.
Evidence from Wilson's comparative studies of frogs, hirds, 
and placental mammals (Sarich and Wilson, 1967a, 1967b ; 
Wilson, Sarich, and Maxson, 1974; Maxson, Sarich, and 
Wilson, 1975; Maxson and Wilson, 1975) show that evolu­
tionary divergence in proteins does not closely parallel 
morphological divergence and loss of hybridization 
potential. This observation suggests that structural and 
regulatory genes may be evolving at different rates and 
may be under differing selective regimes such that 
structural genes occur, to a large extent, independent of 
organismal changes.
\
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This hypothesis lends itself to testing using both 
ecological and genetic data. Although no definitive 
evidence exists, ecologists may effectively be studying 
the end products and actions of regulatory genes as 
defined by Wilson. Morphological characteristics, growth 
parameters, reproductive patterns, and innate behaviors 
are favored subjects for ecologists and each of these has 
a genetic component. Although there is a wealth of 
literature on each of these ecological topics, correspond­
ing structural protein data is usually lacking. Accumula­
tion of ecological and genetic data on many organisms 
should provide insight into the operation of selection 
upon the genome as well as the selective value of electro­
phoretic variants.
The purpose of this study was to collect protein 
data and explore a specific life history pattern in one 
organism. There has been an abundance of literature over 
the last two decades dealing with the adaptive nature of 
life history parameters on both the theoretical (Cole, 
195 ;̂ MacArthur and Wilson, I967; Emlen, 1970; Pianka,
1970 ; Gadgil and Bossert, 1970; and Schaffer, 1974-) and 
empirical levels (Lack, I966; Tinkle, I969: Wilbur, 1971)« 
The theory contends that life history characteristics 
occur as predictable, correlated patterns of adaptation 
depending on and varying with the environment. An
\
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organism may allocate its resources to growth, mainte­
nance, and reproduction, and it is this distribution of 
the resources of their relative allocation, that is under 
selective pressure. The extent to which the structural 
proteins follow the same patterns of adaptation as life 
history characters should provide evidence concerning how 
selection affects various parts of the genome.
The western spotted frog, Rana pretiosa (Baird 
and Girard 1853) was chosen as the organism of this study 
for several reasons. This species is abundant in western 
Montana, occurring commonly in ponds and slow moving 
streams over a wide range of altitudes (900-2400 m). It 
is diurnal and easily captured. The adult demography 
and ecology has been well-researched in Montana and 
Wyoming. Turner (1958, i960) conducted a ten year 
ecological study in Yellowstone National Park. Popula­
tion ecology in other areas of its range (Rana pretiosa 
ranges from southeastern Alaska to northeast California, 
central Nevada, and Utah and east to the Continental 
Divide in Montana and Wyoming) has been studied by Licht 
(1969, 1971» 1974, 1975) in British Columbia and Morris 
and Tanner (I969) in Utah. Their work suggested life 
history differences in age of reproduction, longevity, 
and growth rates as a function of habitat, climate, and 
geography.
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An almost tenfold difference in size was observed 
in larvae of the same ages growing in different habitats- 
It was assumed that larval growth rates and sizes attain­
ed at metamorphosis would be under strong selective 
pressures in a montane seasonal climate with limited 
growing seasons such as western Montana. It is important 
to identify the genetic component, because the potential 
for a strong environmental component exists in any life 
history study. The growth of a cohort to metamorphosis 
generally occurs in one year, thus the genetic rates were 
chosen as the life history parameter for this study.
A large body of literature exists on the subject 
of amphibian growth. Many amphibians have a facultative 
ability to respond to the environment so that genetic 
differences in growth may be masked by interactions with 
the environment. It is known that developmental rates 
can be influenced by such factors as food availability, 
temperature, and interspecific competition (Adolph, 1931» 
Martof, 1956; Morris and Tanner, I969; Wilbur, 1972; 
Tilley, 19?4; Shoop, 197^* see also Etkin, 19^4 for sum­
mary) . Temperature seems to exert an especially important 
influence on thyroxin levels (Etkin, 1964) and thyroxin 
sensitivity of tissues (Kollros, I961).
A recent theory by Wilbur and Collins (1973) 
suggests that amphibians have a facultative ability to 
metamorphose within a genetically set range of sizes.
\
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Wilbur and Collins designed a model of metamorphic 
threshold to explain the effect of previous growth history 
upon the current growth rate of amphibian populations- 
According to the model, the ranges of body sizes and 
dates of metamorphosis are determined by a minimum body 
size that must attained and a maximum body size that must 
not be exceeded at metamorphosis. Between these two sizes 
the initiation of metamorphosis is expected to be related 
to the recent growth history of the individual larvae - 
It is this range that is of interest genetically, although 
the question of whether or not selection acts to optimize 
the range of metamorphic sizes in differing habitats has 
to be answered.
Several studies suggest that selection may indeed 
act in this direction. Burger (1950) found that 
Ambystoma tigrinum could not be induced to shorten its 
two year larval period when brought into the laboratory. 
Shoop (1979-) studying variation in larval survival in 
Ambystoma maculatum within a single pond felt that the 
variation in the larval period was not entirely based on 
the environmental influence. The period of hatching was 
extremely short and could not account for the ranges of 
dates of metamorphosis. Shoop suggested that it would be 
adaptive for a population to have fast and slow growing 
larvae, such that in dry years some individuals would 
complete metamorphosis fast enough to survive, while in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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wetter years a slower development would result in increased 
survivorship in the adult stage. This work suggests the 
existence of selective forces on developmental rates.
Tilley (1973. 1974) investigated the differential juvenile 
growth rates between woodland and rockface Desmognathus 
salamanders. The woodland animals of the species are 
larger than the rockface salamanders at maturity due to 
their faster juvenile growth rates. The larger body size 
enabled the woodland form to achieve a 30^ increase in 
clutch size. Tilley speculated that the divergence may be 
genetic in origin. In a recent paper Eagleson (197^) 
found genetic differences in laboratory growth experiments 
between high and low altitudinal forms of the salamander 
Ambystoma gracile. He concluded that the faster larval 
growth of the high altitude population was an adaptation 
to the shorter growing seasons and rapid nutrient changes.
Therefore, the focus of this study was to look 
for the existence of selective forces on developmental 
rates in several populations of Rana pretiosa. The 
genetic relationships between the various populations 
were then compared using structural protein data. Thirdly, 
patterns of variation in development rates were compared 
to structural protein variation. In summary, there were 
4 main objectives in this study.
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1) To document growth patterns of larval Rana 
pretiosa with respect to differing habitats in western 
Montana.
2) To investigate the degree of environmental vs. 
genetic control over these patterns of growth by growing 
tadpoles under controlled conditions.
3) To analyze the geographic variations in 
structural proteins of ^  pretiosa using starch gel 
electrophoresis.
4) To compare the patterns of variation in growth 
strategies to patterns of genetic variation as an indica­
tion of the selective regime effecting the genome.
\
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CHAPTER II 
METHODS AND MATERIALS
Growth of Tadpoles
Tadpoles were collected and measured approximately 
weekly over two field seasons to obtain data on natural 
growth rates in a number of differing habitats. Each 
tadpole was measured for snout-vent length, tail length, 
and length of hind leg- In addition each tadpole was 
assigned a developmental stage following the staging 
methods of Gosner (I96O). This index ranges from 0 to 46 
(0 indicates an egg just after depostion, 46 is a 
completely metamorphosed tadpole). The index is based on 
the relative position of the gills, development of front 
legs, hind legs, and mouth parts, and amount of tail 
resorption. Every week a standard statistical analysis 
was computed for each locality.
In 1974 sampling was begun in July on Pack Creek, 
Mary's Frog Pond, and Lily Lake (see Table 1 and Figure 1 
for location and description of study areas). During each 
sampling period 25 tadpoles were collected using a modified 
dip net and brought into the laboratory for measurement.
12
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73CD■DOQ.C8Q. Table 1. Location and description of study sites. Areas are given for any lake or 
pond.
CD
3
C/Î
C/Î
o'
3
o
Study site
Altitude 
in meters
Area 
in hectares Location
CD
o Mary's Frog
O
s Pond 1 7 5 ^ 2 . 0 0 10 km south of Highway 12 on Elk Meadows Road,
3 .
CQ
ZT
Missoula County, Montanar Pack Creek 1 5 8 6 - 1 km east of Highway 1 2  from Lolo Pass on Elk
3
CD Meadows Road, Idaho County, Idaho
-n
c
3 . Lily Lake 1 9 4 5 10.00 21 km northeast of Highway 12. from Lolo Pass 01
3 "
CD Elk Meadows Road, Idaho County, Idaho
O■o3 Skalkaho Pass 2 1 0 8 — 5 km east of Skalkaho Pass on Highway 38 near
Q .
c
a
Mud Lake, Ravalli County, Montana
5'
3 Grant Creek
■o
o Basin 2332 - .5 km north of Point Six off Point Six Road,
3 "
CT
1—H
Missoula County, Montana
&
g Twin Creek
g Pond 1281 1.15 6 km west of Highway 200 off East Twin Creek
O
a Road, Missoula County, Montana
"8
3 Clinton 1054 4 km northwest of Clinton along Interstate 90,
wc/)
o'
3
Missoula County, Montana
Figure 1. Location of study areas
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GRANT CREEK
CLARK
-TWIN CREEK POND
MISSOULA
CLINTONLOLO CREEK
MARY'S FROG POND 
pack CR.̂ ,
LILY LAKE
l o c h s a
SKALKAHO PASS
•MISSOULA
FIGURE I. LOCATION OF 
STUDY AREAS
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Tadpoles were returned to their site of origin either the 
same day or the next day. The 197^ work was used primar­
ily to identify localities of special interest and to 
perfect data collecting techniques. Sampling in 1975 
followed a slightly different procedure. Two new 
localities, Twin Creek and Grant Creek, were studied along 
with Pack Creek and Mary's Frog Pond. Lily Lake was not 
sampled. Visits to the areas began before oviposition and 
continued through metamorphosis of the majority of the 
tadpoles. Grant Creek sampling continued until access to 
the sample areas was prevented by snow. In 1975 the 
sample size was increased to 50 per site per sampling 
period. At each sampling tadpoles were measured and 
staged in the field and then replaced immediately. A few 
extra tadpoles were collected each week from each site 
and placed in 10^ formalin to serve as a reference 
collection. Water temperatures were also recorded.
Enclosures
Eight wooden frames measuring 0.93 X 0.93 X 0.46 
meters were constructed and covered with nylon window 
screening (7 meshes per cm.). The tops were screened 
over, but folded back to allow access to the enclosure.
The enclosures were taken to Mary's Frog Pond on June 27, 
1975 and placed along the shore of the north side of the 
pond. The enclosures either floated freely or rested on
\
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s-ubmerged pond vegetation. All were secured by rope to 
the bank.
The treatments consisted of two different popula­
tions at a high and low density. Each treatment was 
duplicated, and the assignment of each treatment to a 
specific enclosure was done using a random numbers table. 
The assignments are given below :
osure #
Source
Population Abbreviation
Initial
Density
1 Pack Creek PC-10-1 50
2 Mary's Frog 
Pond MFP-LO-2 50
3 Mary's Frog Pond MFP-LO-3 50
A Pack Creek PC-LO-A 50
5 Mary's Frog Pond MFP-HI-5 100
6 Mary's Frog 
Pond MFP-HI-6 100
7 Pack Creek PC-HI-7 100
8 Pack Creek PC-HI-8 100
On July 2, 1975 the tadpoles were introduced into 
the enclosures. An attempt was made to collect tadpoles 
of the same approximate development stage to standardize 
treatments. No food was provided throughout the duration 
of the experiment. Algae growing on the nylon mesh and 
detritus in the water provided the only food source. The 
status of each enclosure was checked weekly. On Aug. 8
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(Day 37) a comprehensive sampling was undertaken. Twenty 
tadpoles were measured from each enclosure for snout-vent 
length, tail length, hind leg length, and developmental 
stage. If fewer than 20 tadpoles remained in the enclo­
sure, a total sample was taken. All tadpoles were return­
ed to their respective enclosures, and weekly observation 
continued throughout the summer. As development proceed­
ed, any metamorphosed individual was removed, measured, 
and saved. The enclosures were disassembled on Oct. 18 
(Day 108) and all remaining tadpoles and metamorphosed 
individuals were measured and staged.
Electrophoretic Sample Collection and Preparation
Live frogs were collected from seven localities 
(see Table 1) and brought into the laboratory for process­
ing. A minimum of 15 frogs was collected from each 
locality, although most samples varied from between 25 to 
35 animals. Adult frogs were chosen over tadpoles so that 
sufficient blood samples could be obtained and specific 
tissues extracted. Newly metamorphosed individuals were 
avoided as they produced an insufficient amount of sample. 
Collection was made without regard to the sex of the 
animals. Adult frogs at Twin Creek Pond, however, were 
difficult to obtain so tadpoles were also used. The 
sample size of 28 from Twin Creek Pond includes 4 adults 
and 24 tadpoles.
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Frogs were anesthetized in a "beaker of hot water 
(40° C) for 1 minute (Daugherty, et al., I977 ) . Weights, 
snout-vent lengths, and sexes were recorded. An incision 
was made along the ventral side to excise the organs and 
tissues and to obtain blood samples- The pericardial sac 
and the dorsal aorta were slit to collect blood with a 
heprinized capillary tube. Blood was centrifuged at 
3000 X g for 2 minutes. Serum was pipetted off and saved, 
while the red blood cells were washed twice with saline, 
centrifuged, and then stored after the wash was removed. 
Liver, heart, and the right leg muscles were carefully 
removed and stored in separate collecting tubes. The 
tissues, organs, blood, and carcasses were placed in a 
Revcor ultra low freezer (-40° C) for between 2-3 months 
before preparation.
For electrophoresis, livers, hearts, muscles, and 
whole tadpoles were ground in twice their weight of 
demineralized distilled water using an electric tissue 
grinder. For each frog the liver was ground separately, 
while the heart and muscle were ground together. Tissue 
homogenates were centrifuged at 0° C for 20 minutes at 
18,000 (37,000 X g) using a Sorval RC-5 centrifuge. The 
aliquots of the homogenates were placed in glass culture 
tubes and stored at -40° C. Red blood cells were lyzsed 
with demineralized distilled water and then centrifuged 
for 4 minutes at 3,000 X g . After centrifuging, the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20
hemolysate was pipetted off and stored in glass culture 
tubes in the low temperature freezer. These methods are 
adopted from Selander, et al., (1971).
Electrophoresis
Electrophoresis was performed using a horizontal 
starch gel. Five buffer systems were necessary to resolve 
24 loci. The buffer systems as listed below are from 
Selander et al., (1971):
I. Phosphate Citrate Buffer 
Electrode pH 7•0
.214 M Potassium phosphate (KgHPOj^) 
. 0 2 7  M Citric acid 
Gel pH 7-0
6.07 mM Potassium phosphate (KgHPOjî ) 
1.21 mM Citric acid 
100 volts were applied for 5 hours
II. PCI Phosphate Buffer 
Electrode pH 6 .7
.138 M Potassium phosphate (K^HPO^) 
.062 M Sodium Hydroxide (NaOH)
Gel pH 6.7
1:19 dilution of electrode buffer 
100 volts were applied for 5 hours
III. Tris Citrate Buffer
.687 M Tris
.157 M Citric acid
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III. Tris Citrate Buffer--continue 
Gel pH 8.0
1:29 dilution of electrode buffer 
130 volts were applied for 4-3 hours
IV. Tris Maleic EDTA 
Electrode pH 7-4 
.1 M Tris 
.1 M Maleic acid
.01 M EDTA (disodium ethylenediamine 
tetraacetate)
Gel pH 7•4
1:9 dilution of electrode buffer 
100 volts were applied for 5-6 hours
V. Discontinuous Tris HCl 
Electrode pH 8.2 
.3 M Borate 
Gel pH 8.5
.01 Tris
250 volts were applied for l| hours 
Electrostarch Lot 302 was used at a concentration of 12.5# 
to prepare gels. Samples were introduced onto the gel 
using 4 X 9 mm filter paper tabs which were removed after 
an initial 10 minute preliminary run. During electro­
phoresis gels were kept cool with a pan of ice.
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Following electrophoresis the cooled gels were cut 
into between 3 and 5 slices for staining. Specific 
proteins were localized on the gels using the techniques 
of Selander et al., (I971), Shaw and Prasad (1970), and 
Brewer (1970). One band resolved without a substrate. The 
assay consisted of the tétrazolium system--Phenazine 
methosulfate (PMS), Nicotinamide dinucleotide (NAD), and 
Nitroblue tétrazolium (NBT). This locus is referred to as 
Nothing dehydrogenase (NDH). The esterase locus showed 
activity also with the Leucine aminopeptidase assay (LAP). 
This locus migrated cathodal to LAP-1 and showed only a 
weak activity.
Table 2 lists all proteins with their abbreviations 
and summarizes for each presumed locus the buffer system 
and tissue used in its analysis. A number of loci did 
not resolve well, i.e., the bands were indistinct. Other 
loci showed patterns that suggested non-genetic variation. 
Neither of these groups of loci are included in the 
analysis. If an assay showed isozyme activity for more 
than one locus, the most anodally migrating band was 
designated (l), the next (2), etc. For any polymorphic 
system the common allele was assigned a mobility of 100. 
Variants were identified according to their mobilities 
relative to the common band. For example, an allele 
migrating half as far as the most common allele would be 
designated 50. After staining gels were fixed in 5:5:1
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Table 2. Description of the 24 loci, the buffer systems, and tissues used 
in this study.
Protein Locus Buffer System
Tissues
Used
Aspartate amino 
transaminase
AAT-1
AAT-2
Tris citrate pH 
Tris citrate pH
8.0
8.0
Liver
Liver
Esterase EST Tris citrate pH 8.0 Liver
Fumarase FUM Phosphate citrate Liver
General protein GP-1
GP-2
GP-3
GP-4
Tris HCl 
Tris HCl 
Tris HCl 
Tris HCl
Muscle
Muscle
Liver
Liver
Heart
Heart
Glutamate dehydrogenase GDH Tris citrate pH 8.0 Liver
a-Glycerophosphate AGPD Tris maleate Liver
Hemoglobin HB Tris HCl Hemolysate
Isocitrate dehydrogenase IDH-1
IDH-2
Tris maleate 
Tris maleate
Liver
Liver
Lactate dehydrogenase LDH-1
LDH-2
Tris HCl 
Tris HCl
Muscle
Muscle
f. Heart
Heart
Leucine aminopeptidase LAP-1 PGI phosphate^ Liver
Malate dehydrogenase noil Tris citrate pH 8.0 Muscle Heart
Nothing deliydrogenase NDH Tris maleate Liver
Peptidase PEP Tris citrate pH 8.0 Muscle It Heart
Phosphoglucoisomerase PGI PCI phosphate'*' Liver
Phosphoglucomutase PGM PGI p]iosphate^ Liver
6-phosphogluconate
dehydrogenase
6PGD Tris citrate pH 8.0 Muscle Heart
Sorbitol dehydrogenase SDH Phosphate citrate Liver
Xanthine dehydrogenase XDH Tris maleate Liver
C+) indicates the addition of 1 ml MADP to the gel 
23
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solution of methanol, distilled water, and glacial acetic 
acid. They were then scored, photographed, and wrapped 
in plastic for permanent storage.
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CHAPTER III
RESULTS AND DISCUSSION
Growth of Natural and Experimental Tadpoles
Four populations (Twin Creek Pond, Pack Creek, 
Mary's Frog Pond, and Grant Creek) were sampled through 
the 1975 field season to obtain base line data on growth 
rates of natural populations. An arbitrary time scale 
was established beginning with the date the first eggs 
from any population were laid. These eggs were found 
May 5. 1975» in Twin Creek. May 5 became Day 1 on the 
time scale. Mary’s Frog Pond eggs were laid on June 10 
(Day 37)> Pack Creek on Day 40, and Grant Creek in early 
July (Day 62).
Frogs appeared while substantial ice still 
covered parts of the water. In each population eggs were 
laid as soon as the ice began to melt near the shore. 
Licht (1971) found that the males congregate on the shore 
and call to attract females. As a result of this lek 
behavior, giant egg masses are formed averaging 0.5-1*0 
meters in diameter. It has been found that the masses of 
eggs provide a temperature insulating effect such that
25
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the giant mass temperature during the coldest parts of 
the night are 1-2° warmer than the surrounding water 
(unpublished results).
Growth can be measured not only in terms of the 
actual size or weight attained by a tadpole, but also by 
the developmental rate or speed in which a tadpole passes 
through the developmental stages towards metamorphosis. 
Figure 2a shows the developmental stages versus time from 
Day 1 for all four populations. Pack Creek tadpoles and 
Mary's Frog Pond tadpoles follow almost identical 
developmental patterns both in terms of the actual timing 
within the field season and in terms of the developmental 
rate. The growth attained (snout-vent lengths vs. days) 
is graphed in Figure 2b. Comparing Figure 2a and Figure 
2b yields some striking relationships. Although maturing 
at the same rate, Mary's Frog Pond tadpoles increase in 
mass at a much faster rate than the Pack Creek tadpoles 
so that by Stage 33 a very different size is associated 
with the same developmental stage.
A further comparison including all four popula­
tions is shown in Figure 3* It can be seen that at 
similar developmental stages the populations are quite 
distinct in sizes. Similar size variations have been 
reported (Wilbur and Collins, I973), but a varying 
differentiation rate was concurrently reported. These 
Pack Creek-Mary's Frog Pond results therefore seem unique
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Figure 2
a. Graph of developmental stage vs. days from May 5'
b. Graph of snout-vent length vs. days from May 5-
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"because the size variance exists with similar differentia­
tion rates. Wilbur and Collins (1973) model of growth 
rates (Aw/At where w is equal to the weight and t is equal 
to time) predicts that the initiation of metamorphosis 
will depend on the recent growth rate. The present study 
is more consistent with the contention of Smith-Gill and 
Berven (1977) that a differentiation based model is a 
more realistic predictor of metamorphosis. They proposed 
that the probability of completing metamorphosis at a 
given time is the function of the current developmental 
stage and of the differentiation rate (ADS/^t where DS 
equals developmental stage and t equals time). Growth 
rate (Aw) and differentiation rate (ADS) are correlated 
because conditions favorable for differentiation are also 
likely to be favorable for growth. This model fits the 
R. pretiosa data. Populations differentiating at the same 
rate regardless of the actual change in weight metamor­
phosed at similar times.
The relationship between differentiation rate and 
metamorphosis is also illustrated by the Grant Creek 
findings. As can be seen in Figure 2a, the differentia­
tion rate declines and levels out at an early develop­
mental stage proceeding the corresponding deceleration of 
change in body length. The Smith-Gill and Berven model 
predicts a long period to metamorphosis and perhaps over­
wintering. The tadpoles failed to metamorphose by the end
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of the field season. Turner (I96O) found that tadpoles 
did metamorphose in Yellowstone after over-wintering so 
that over-wintering appears to be a physiological 
possibility for the species. However, a June I976 visit 
to the study area revealed that the tadpoles were unable 
to over-winter. A substantial number of carcasses of 
nonmetamorphosed tadpoles were observed. The 1975-1976 
winter was not unusually severe. Possibly over-wintering 
has a genetic component which is somehow lacking in this 
population. From an adaptive standpoint this severe 
tadpole mortality appears to be an unusual event caused 
by some unknown environmental factor during the latter 
part of the growing season.
Smith-Gill and Berven contend that temperature is 
the causative mechanism of differentiation rate. 
Temperatures were initially monitored although early in 
the study it became clear that the actual tadpole tempera­
ture regime was quite different than recorded by thermo­
graphs. Tadpoles follow the temperature gradient spending 
their time in the warmest areas. A tadpole growing in a 
deep pond (such as Mary's Frog Pond) may be subjected to 
the same temperature regime as one living in a shallow 
stream (as Pack Creek). Therefore, the field temperature 
data are inconclusive, and the causative environmental 
factors can only be conjectured.
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The enclosures were an attempt to gain insight into 
the dichotomy of the Mary's Frog Pond--Pack Creek popula­
tions. Growth in enclosures assumes that the populations 
are experiencing the same environmental conditions and 
therefore tests the null hypothesis that growth rate and 
timing of metamorphosis do not significantly differ 
between tadpoles from different populations growing under 
similar conditions. Significant deviations between 
populations in growth rates would suggest the importance 
of a genetic components In addition the enclosures for 
each population were begun at 2 different densities so 
that density effects within each population could be 
compared (see Wilbur and Collins, 1973. for a review of 
density effects). This design yielded four separate 
treatments each duplicated. However, within a week after 
the enclosures were initiated, the densities had changed 
drastically so that the initial replicated density 
experiment was no longer valid. In some cases, the high 
density (100) enclosure dropped to a density lower than an 
initial low density (50) enclosure. After 1 week the 
densities stabilized and were approximately maintained 
throughout the experiment so that sampling on Aug. 8 
provided a workable density figure for the entire experi­
ment. Table 3 summarizes these changes and other relevant 
growth data.
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O .1
Metamorphosed Non-metamorphosed 
tadooles tadpoles as of Oct.CDi Initial Aug. 8 Aug. 8 A u g . 8 Mean Mean Mean
œ
( / i
Enclosure Density Density Mean T. L. Mean D. S. f f Wet Wt. # T. L. D. S.
o'3
2.5CD PC-LO-1 50 50 39.2 34.5 20 .23 0 .
8 SD=5.3 SD=3.752.CO3 MP-LO-2 50 9 52.4 36.4 4 .73 5 52.4 41.8
i3 SD=5.S SD=2.3CD
T1 MP-LO-3 50 14 57.2 37.3 9 .71 3 56.5 41.3
C
p.3"
SD=4.6 SD=1.4
CD PC-LO-4 50 27 47.2 37.4 15 .42 2 45.0 43.0
B SD=3.9 SD=2.1
Ca
o3 MP-HI-5 100 7 61.1 38.1 6 .93 0■a SD=6.7 SD=1.7
1—HCD MP-HI-6 100 36 45.0 33.5 0 22 53.0 39.0Q.$ 1—H SD=7.4 SD=3.33"
OC_ PC-HI-7 100 38 41.2 35.4 8 .29 8 39.1 41.6"OCD SD=5.2 SD=3.21.
o' PC-HI-8 100 70 37.7 34.0 7 .21 50 44.2 39.73 SD=4.2 SD=3.3
Table 3. Growth in experimental enclosures.
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If a differential mortality between populations 
existed, the Pack Creek tadpoles would be expected to 
suffer a higher mortality than the Mary's Frog Pond 
tadpoles. Not only were they handled and transported, 
but placed in a foreign environment and undoubtedly sub­
jected to different temperature and water chemistry 
regimes. A chi square test was performed to test if one 
population did indeed suffer a higher mortality under the 
hypothesis of equal mortality for both populations. The 
results showed unequivocally that higher mortality 
(pC. OOl) occurred within the Mary's Frog Pond enclosures, 
a rather unexpected result. The exact cause of mortality 
is not known, however, in natural Mary's Frog Pond 
population tadpoles were observed eating each other, so 
this seems a possible explanation.
A multiple linear regression analysis (Sokal and 
Rolf, 1969) was performed to assess the relative contri­
butions of various factors to the total length (snout-vent 
plus tail) attained by the tadpoles in the enclosures. 
Different combinations of data points were added into the 
equation in a stepwise fashion. If the added variable 
provided an insignificant increase in the correlation, it 
was eliminated. The final regression equation explaining 
the greatest amount of variation was :
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Log (Total Length) = Log (N) + Pop. + Developmental Stage
where (N) equaled the density of an enclosure on Aug. 8 , 
population was coded (0 ) for Pack Creek or (1) for Mary's 
Frog Pond, and the total lengths and developmental stages 
were means of the Aug. 8 sample for that enclosure. The 
coefficient of determination (R ) was very high, explain­
ing over 99% of the observed variation in total length.
The results of the regression are tabulated in 
Table 4. T-tests were performed to determine the relative 
importance of each of the factors. T-ratios for the 
population component and the developmental stage component 
were significant at the 0.01 level, while the density 
component (N) was not. Therefore, taking all populations 
combined, the source of the population, i.e., Pack Creek 
or Mary's Frog Pond, and the developmental stage are the 
important parameters in determining total length. The 
density component is insignificant in comparison. This 
relationship can be seen in Figure 4. Nearly linear 
relationships exist for each population for the plot of 
Log (Total Length) vs. Developmental Stage with correla­
tions of .9966 and .9823 for Pack Creek and Mary's Frog 
Pond respectively. The data show that the two populations 
are following distinctly different growth strategies under 
similar controlled conditions.
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Table 4. Summary of stepwise multiple linear regression 
analysis.
Variables B
Standard
Error t-ratio
Log (Total Length) 1.33073 0.374313 3.33317
Log (N) 0.01848 0.023290 0.73073
Developmental Stage 0.07136 O.OO8623 8.29893
Population -0.21641 0.025040 -8.64316
r^ = 0.99286 r = 0.996424
Standard error of estimate = .014811
Degrees of freedom = 4
37
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Figure 4. Graph of Log (Total length) vs. developmental stage. Data are from 
Aug. 8 , 1975* For each point enclosure density (N) is given.
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Although not significant when both populations are 
combined, the density component within each individual 
population is quite important. Figure 4 shows this 
effect. With one exception (MP-LO-2) there is a direct 
relationship between the density and the developmental 
stage or total length attained. The tadpoles in less 
dense enclosures developed faster. The wet weights of the 
metamorphosed frogs also show the effect of density.
Within populations the tadpoles in a less dense environ­
ment generally metamorphosing later within a particular 
enclosure usually metamorphosed at a larger size and 
weight (Figure 5)* Neither of these results were 
surprising. Trends of accelerated developmental rate and 
increased biomass with decreased competition were expected 
and concur with the information in the literature (Wilbur 
and Collins, 1973)-
The density component also affected the ability of 
the tadpoles from each population to reach metamorphosis 
under specific conditions of crowding (Figure 6 ). Mary's 
Frog Pond populations at very low densities (<10) had a 
large percentage of the tadpoles reach metamorphosis, how­
ever at medium density (N-36) no tadpoles metamorphosed.
On the other hand, Pack Creek tadpoles were able to 
metamorphose at medium to very high densities (N=70).
Several conclusions can be drawn from these data:
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Figure 5- Wet weight of frogs or tadpoles vs. days from the 
initiation of the enclosures. All data points 
from each enclosure are joined.
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Figure 6 . Percentage of tadpoles attaining metamorphosis by the 
conclusion of the study vs. density of Aug. 8 , 1975*
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1) Tadpoles from Mary's Frog Pond and Pack Creek 
show different mortality rates in the enclosure environ­
ment .
2) Mary's Frog Pond tadpoles are larger and 
heavier at similar developmental stages than Pack Creek 
tadpoles when both are growing under the same controlled 
conditions.
3) Mary's Frog Pond tadpoles at similar densities 
grow at a slower developmental rate than Pack Creek 
tadpoles.
4) An increase in density slows the developmental 
rate of both populations and may decrease the weight 
attained at metamorphosis.
5) Tadpoles metamorphosing later within a 
particular enclosure generally metamorphose at a larger 
size and weight.
Neither conclusion 4 or 5 suggest any new information.
They substantiate trends already observed in the litera­
ture. Conclusions 1, 2, and 3 do suggest some new and 
interesting implications. Tadpoles from Mary's Frog Pond 
and Pack Creek are intrinsically different and are 
responding to similar environmental conditions in 
distinctive manners characteristic of the population.
The null hypothesis of no difference in growth rate and 
timing of metamorphosis must be rejected. The alternative 
that there is a significant genetic factor in growth rates
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seems a likely explanation.
Biochemical Genetics of Rana pretiosa
A broad electrophoretic screening was performed on 
all seven populations with 24 loci consistently resolved. 
Only 4 of the 24 loci (16^) were polymorphic in at least 
one population. No locus was polymorphic in all popula­
tions . The 4 polymorphic loci and the designation of 
their alleles are given in Table 5* Alleles at the 
polymorphic loci are designated according to their 
relative mobilities to the common allele with the most 
common allele given the value of 100. Zymograms of the 
observed banding patterns appear in Figure 7. EST and 
PGM are both monomers. The heterozygote between the 
common and variant alleles appears as a two banded 
phenotype with bands of equal intensity. IDH-2 variants 
are three banded with the central band more intense in 
accordance with the 1 :2:1 dosages expected of a dimer.
LDH is a tetramer. The most anodal LDH locus (LDH-l) 
demonstrated activity for 3 alleles, although the banding 
pattern of one heterozygote (LDH-1 (llo/lOO)) did not fit 
the expected model of a tetramer. This left the genetic 
basis of the variation in question. Genetic crosses are 
the preferred method to establish the inheritance of 
variation, however, this was not possible. In lieu of this, 
screening several tissues for the variations lends support
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Table 5. Descriptions of the polymorphic systems 
observed in Rana pretiosa.
Locus
# of 
alleles
Designation 
of alleles
Presumed
structure
EST 2 100,94 monomer
IDH-2 2 100,80 dimer
LDH-1 3 110,100,70 tetramer
PGM 2 147,100 monomer
47
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Figure ?. Zymograms of the loci showing polymorphisms. Only 
phenotypes actually observed in this study are shown.
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"to the genetic basis. Muscle and heart, liver, and 
hemolysate from each animal all showed similar variant 
bDH-1 patterns. Therefore, the evidence suggests that the 
observed variation is indeed genetic and so it has been 
included in this analysis.
The allelic frequencies of the polymorphic loci 
are given in Table 6 . Using these frequencies, average 
heterozygosities, the average proportion of loci at which 
an average individual is heterozygous, were calculated 
for each population. These figures along with the percent 
of polymorphic loci are measures of genic variation in a 
population. Heterozygosity at a locus is defined as:
2 
*i
where pi is the frequency of the i"̂  ̂allele, and average
heterozygosity (H) is the mean of these quantities over 
all loci examined. Average heterozygosities (H) and the 
Standard Error (S.E.) of the heterozygosities for each 
locality are given in Table 7• The standard errors are 
large as they reflect the predominance of the variation 
at a few polymorphic loci while the majority of loci are 
monomorphic.
The heterozygosity values vary from 0 in Twin 
Creek Pond to 3.6^ in Clinton. Very low levels of 
heterozygosities such as these are not unique, having 
been reported in cichlids (Kornfield and Koehn, 1975)»
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Table 6. Allelic frequencies of the polymorphic loci
Allelic frequency at the PGM locus
Genes
hoca 1i tv Sampled 100 147
Cl inton 44 .9545 . 0455
Tw i n  Creek 56 1.0000 -
Pack Creek 74 .9865 . 0135
Mary's Frog Pond 102 1.0000 -
Lily Lake 40 .9750 . 0250
Skalkaho Pass 30 .9333 .0677
Grant Creek 72 1.0000 -
A llelic frequency at the IDH-2 locus
Locality
Genes
Sampled 100
Clinton 44 .9318 .0682
Twin Creek 56 1.0000 -
Pack Creek 74 1.0000 -
Mary's Frog Pond 102 1.0000 -
Lily Lake 40 1.0000 -
Skalkaho Pass 30 1.0000 -
Grant Creek 72 1.0000 -
51
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Table 6. (continue)
Allelic frequency at the nST locus
I,oca 1 1 ty
Genes 
Saiii]) 1 c 100 94
Clinton 44 .4318 . 5682
Twin Creek 56 1.0000 -
Pack Creek 74 .9595 .0405
M ary's Frog Pond 102 1.0000 -
Lily Lake 40 .9750 . 0250
Skalkaho Pass 30 .5000 . 5000
Grant Creek 72 .9118 .0882
Allelic frequency at the LDH-1 locus
Genes
Locality Sampled 110 100 70
Clinton 44 . 0909 .9091 -
T win Creek 56 _ 1.0000 -
Pack Creek 74 . 027 0 .9730 -
M a r y ’s Frog Pond 102 .1569 . 8235 . 0196
Lily Lake 4 0 . 1500 . 8500 -
Skalkaho Pass 30 . 1000 . 9000 —
Grant Creek 72 . 3235 . 6765 -
52
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Table ?• Average heterozygosities (H) and their standard 
errors (S.E.) for ail populations-
Locality H S.E.
1-Clinton .0362 . 0217
2-Tv/in Creek . 0000
3-Pack Creek .0065 .0039
4-Mary's Frog Pond . 0124 .0124
5-Lily Lake . 014? .0108
6-Skalkaho Pass .0335 .0222
7-Grant Creek . 0249 .0192
53
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kangaroo rats (Johnson and Selander, 1971). cricket frogs 
(Dessauer and Nevo, I969), salmon (Utter et al., 1973) and 
other organisms. However, they do fall far below the 
average of 5*8% for vertebrates and 8 .25^ in particular 
for amphibians (Selander and Kaufman, 1973). Likewise 
Rena pretiosa is polymorphic at a very low percentage of 
loci compared to most vertebrates. Such low levels of 
variation suggest small effective population size in the 
present or at some time in the past.
Unlike some other ranid species, Rana pretiosa 
is a highly aquatic frog spending most of its time in or 
very near water and rarely moving into the adjacent areas. 
This aquatic requirement limits the dispersal ability of 
the animals and may effectively isolate populations. Twin 
Creek illustrates this trend. The pond was surrounded by 
woodland; the only outlet dried up during the summer. A 
relative index of population size, given by the number 
of frogs captured per hour sampled, showed very low 
population numbers to the extent that the electrophoretic 
samples of frogs had to be augmented by tadpole samples 
to achieve a reasonable sample size. Corresponding to 
these presumably low population numbers and this 
potential isolation was a heterozygosity value (H) of 0, 
suggesting that genetic variation had been drastically 
reduced by inbreeding or random drift.
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Nei (1973) has developed a formula to apportion 
the total heterozygosity value into 2 components--varia­
tion within populations and variation between populations-- 
according to the formula
Hrp = Hg +
where is the total heterozygosity using the mean gene 
frequency of each allele at 24 loci for the 7 populations, 
Hg is equal to the mean of the heterozygosities given in 
Table 7, and Dg» is the average gene diversity between 
populations. For these seven populations, is equal 
to .0236, Hg is .0183, and Dg^ equals .0053 » The relative 
magnitude of gene differentiation is measured by:
^ST ^ST  ̂^T 
where Gg^is the coefficient of gene differentiation and
varies from 0 to 1. A O  value represents the extreme
case of a totally panmictic species with no population
subdivision, while a value of 1 would occur when the
individual populations were entirely monomorphic but
fixed for different alleles.
Nei's analysis has been applied to a variety of 
organisms showing that and Hg vary significantly 
between organisms. The value of Gg^ for Rana pretiosa 
is 22^, higher than data collected for man (7^), house 
mouse (11^), and horseshoe crab (6^) however it falls 
below the 70^ found in the highly monomorphic Dipodomys
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ordii (Nei , 1975)•
The high value of Ĝ rp in R . pretiosa means that a 
large share (22^) of the total variation of the species 
exists "between populations and a relatively lesser amount 
exists within the populations themselves. This suggests 
that even though there is relatively little within 
population genetic variation, there is a large amount of 
genetic variation between populations.
To quantify the relationships between populations, 
similarity coefficients (S) (Rogers, 1972) were calculated 
for all combinations of populations. These values along 
with Nei's (1972) genetic identity (I) appear in Table 8 . 
(S) values were used to construct a dendrogram with stan­
dard numerical taxonomic techniques (Sneath and Sokal, 
1973). The unweighted average linkage method (UALM) was 
chosen, although all the standard linkage methods produced 
similar cluster patterns (see Figure 8 ).
The relative contributions of each of the poly­
morphic systems to the similarity coefficients can be 
determined by chi square tests for significant allelic 
differences. The matrix showing the deviant loci and the 
corresponding significant chi square values is given in 
Table 9 . The EST locus contributes the greatest inter­
population differences. Skalkaho Pass and Clinton Pond 
have EST frequencies of .4318 and .50OO respectively for 
the common allele, while the other populations range from
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 8. Matrix of genetic similarities between all populations. Rogers' (1972) 
S values are shown in the lower half, Nei's genetic identity (I) (1972) 
are given in the upper half.
Clinton Twin Ck Pack Cr Marys Pd Lily Lk Skal Pass Grant Cr
1-Clinton 1.00000 .98583 .9878L .98574 .99023 .99938 98730
2-Twin Creek .96780 1.00000 .99999 .99884 .99903 .98894 99333
3-Pack Creek .97118 .99662 1.00000 .99909 .99936 .99077 99622
4-Mary's Pond .96835 .99302 .99189 1.00000 .99992 .98900 99863
5-Lily Lake .97121 .99167 .99373 .99692 1.00000 .98707 99854
6-Skalkaho Pass .99305 .97222 .97360 .97332 .97639 1.00000 99039
7-Grant Creek .96757 .98285 .98510 .98973 .98910 .97973 1 00000
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Figure 8. Dendrogram constructed using the unweighted average linkage method (UALM) o
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Pack Creek EST (42.5) 
IDH (5.2)
Marv's Pd. EST (69.9)
PGM (4.7) 
IDH ( 7.1)
no sig.
differences
LDH (11.2) LDH (9.5) 
EST (4.2)
Lily Lake EST (28.9) LDH (9.0) LDH ( 6.0)
ONo
no sig. 
differences
■DCD
Skalkaho no si« LDH ( 5.8) EST (31.5) EST (57.5) EST (21.9)
differences EST (33.9) PGM ( 6.9)
C/)C/) Grant Ck. LDH ( 8.2) LDH (22.1) LDH (22.4) LDH ( 5.0) LDH ( 4.0) LDH ( 5.3^
EST (31.9) EST ( 5.2) 
IDH ( 5.0)
EST ( 9.3) EST (21.-1 
PGM ( 4.9"'
Table 9. Matrix giving loci at which significant gene frequency differences exist at or below the 
.05 level, x" values are given in parenthesis.
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•9118 to 1 .000. Grant Creek differs significantly from 
all other populations on the basis of a low frequency of 
the common LDH-1 allele. Two localities showed activity 
for unique alleles— Clinton for IDH-2(80) and Mary's Frog 
Pond for LDH-1(?0 ). Figures 9-12 illustrate the gene 
frequency differences between sites-
On the whole, the populations are quite similar 
and fall within the expected range of closely related 
populations of one species on the basis of the similarity 
coefficients (Ayala, 1976)- The data show that populations 
from very different habitats may not necessarily be 
genetically distant (Skalkaho Pass and Clinton Pond), nor 
are populations from similar habitats necessarily closely 
related genetically (Skalkaho Pass and Grant Creek). It 
appears that populations geographically close or in 
adjacent drainages tend to be more closely related 
genetically. Clinton Pond and Skalkaho Pass suggest this 
trend. The two populations are relatively quite distant 
from each and differ in altitude by approximately 1000 
meters, but they are in the same large drainage• Grant 
Creek, somewhat geographically isolated, is also 
genetically distinct from the other populations. Mary’s 
Frog Pond, Lily Lake, and Pack Creek are all within a 
radius of approximately 20 km. of each other. Based on 
the similarity indices, all three are very similar to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 9* Diagramatic representation of LDH-1 frequencies
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Figure 10. Diagramatic representation of EST frequencies
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Figure 11. Diagramatic representation of PGM frequencies
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Figure 12. Diagramatic representation of IDH-2 frequencies
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each other and as expected all three cluster closely in 
the dendrogram. Twin Creek also joins this group, hut its 
position in the dendrogram results from its complete lack 
of variation.
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CHAPTER IV 
CONCLUSIONS
In reference to the first two objectives of this 
study, it has been shown that growth patterns in tadpoles 
vary tremendously in different habitats in western 
Montana. This variation includes not only differences in 
actual growth attained by the time of metamorphosis, but 
also differences in the differentiation rate. The 
variation has a strong genetic component which suggests 
that selection has acted to optimize the growth 
strategies in differing habitats. Individual populations 
appear to be under different selective regimes, just as 
predicted by Ehrlich and Raven (1969)-
The third and fourth objectives were to analyze 
the geographic variation in proteins and relate these 
variations to variations in life history parameters. Two 
lines of biochemical evidence support the contention that 
the populations are genetically semi-isolated units. 
First, the existence of distinct alleles in several 
populations indicates that gene flow between populations 
may be limited. The population which completely lacked
71
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variation also substantiates this claim of population 
isolation. Secondly, Nei's index of genetic differentia­
tion show that although the populations are overall quite 
similar and have low amounts of variation, in actuality 
a large proportion of the existing variation occurs at the 
intrapopulation level.
Although the populations vary genetically, the 
evidence supports a model of selective neutrality of 
isozyme variants rather than a strongly selectionist 
argument. Populations from similar habitats do not show 
similar allelic frequencies, but geographically similar 
populations tend to cluster. Similarly variations in 
growth strategies do not correlate with specific genetic 
patterns.
The Wilson argument of regulatory vs. structural 
genes is one plausible explanation. Growth patterns of 
tadpoles are genetic, and appear to be under strong selec­
tion. On the other hand, structural protein variants 
seem to be selectively neutral and explainable by 
historical stochaistic processes, divergence through time, 
and patterns of gene flow. If one considers growth as 
representative of action of regulatory genes, then 
evolution of structural and regulatory genes in Rana 
pretiosa appears to be under very different regimes and
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
73
proceeding at different rates. The populations seem to 
have diverged much more at regulatory loci than at the 
structural protein loci examined in this study.
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